Walking in a triangulation by Devillers, Olivier et al.
HAL Id: inria-00072509
https://hal.inria.fr/inria-00072509
Submitted on 24 May 2006
HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.
L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.
Walking in a triangulation
Olivier Devillers, Sylvain Pion, Monique Teillaud
To cite this version:










   



















ap por t  
de  r ech er ch e 
THÈME 2
INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE
Walking in a triangulation
Olivier Devillers — Sylvain Pion — Monique Teillaud
N° 4120
Fevrier 2001
Unité de recherche INRIA Sophia Antipolis
2004, route des Lucioles, B.P. 93, 06902 Sophia Antipolis Cedex (France)

















    WfX%O#WopS(OCOCM [COCF WfdjPZXYO\U%[CRZXWfPQS(OIoCXYO\]RTF8nCRZXYOIS([I[COCF8WjM	WjdqXYACB*opdjPZ]fXWjPTS%OIo\XYO\]R FE]jn\X(VF%
O\S%[\]-M	Wj[\opPTS%O0]-R F}V	X(VPQWjMIopF nCRT[\]jPQFE[Cdq]i]hWfdfXYWjM	U(PQF*]-opFRQSpVEXYRTPT]fXWfPQS(On\X%diDkX%dfVqA\F%




   8
KNPTy%FEO=XkWfdjPZXYOCU([CRZXWjPTS%O SY! y(F	djWjPZVFE]>PQOWjACFGnCRZXYOCFGXYO\oXn0S(PQO#W#";%$\O\opPTOCUWjACFWjdfPTX%OCU%RTFISY&
V	S%O#WfX%PQO\PQOCU'" PT]GX [\O\oCXYDkFEO(WqXYRnCdfS%aCRTF	D PQO VS%DknC[CWfXWfPQS(O\XYR U%FES%DkFWfdj^()(`F	y(F	dqXYR]_S(nCACPZ]hWfPTVEXWjF*o
]_Wjdf[\VWj[CdfFE]eF	{pPT]_W WjSIX%O\]j FEd8]_[0VqAGRTSpV	XYWjPTS%Ob#[CF	dfPQF*]ePTO}S%npWfPQDX%R+*-,.0/1& 32;WjPTDkF54Tu%uY670aC[CW8WjA\F	^kXYdfF
S%¼WjFEOWjS`SVS(DknCRQPZV	XYWjF*oX%O\o]jS%DkFInCdqX%VWjPQWjPTS%OCFEdf]-DXv^nCdjF	 F	diWfS}PTDGn\RQFEDGFEO#WN]jPQDknCRTF	diWfFEVqACO\PTb#[CF*]	
]j[\VqAX(]iWjdqXvy%FEdf]jPTOCUGWjACFWjdfPTX%OCU%[CRZXWfPQS(O[\]_PTOCUX(ovg_X%V	F	O\V	^dfF	RZXWfPQS(O\]ma1FWhF	FEOWjdfPTX%OCU%RTFE]Em@-ACPZ]mPZopFEX
VEXYOa1FI[\]jFEoopPTdjF*VWfRQ^WjSRTSpV	XWfFXkn1S%PTO(W¢PQOXkWfdjPZXYO\U%[CRZXWfPQS(O dfS%D Xk`OCSiO]hWqXYdjWjPTOCUn0S(PQO#W*98 W¢PT]
X%RT]jSGn0S#]j]jPQa\RQFNWjS}VqA\S#S#]_F XGU%S`Spo]_WfX%d_WfPQO\UGn1S%PTO#WmPQO]jS%DkFVRTF	y%FEdiXv^4TuEwC;:pCt7³
@-ACFEdjF>F{pPT]_WoCPF	dfF	O#W]_WjdqXWfF	U(PQF*]WjS<$0O\okWjA\FmWjdfPZXYOCU(RQF>V	S%O#WfX%PQO\PQOCU WfACF¢b#[CFEdj^Gn1S%PTO(W3"k dfS%D WjACF
WfdjPZXYO\U%RTF}VS%O#WqXYPTOCPQO\UX]_S([CdfV	Fn0S(PQO#W>=`@-A\F]_PTDknCRTFE]_W]hWfdfXYWjFEU%^%&WjA\XYWFiPQRTR VEXYRTR WfACF@?ABCD
E v-V	S%O\]jPZ]hWq]kPQO y`PT]jPWfPQO\U XYRTR-WjdfPTX%OCU%RTFE]kXYRTS%O\U=WfACFRQPTOCF]jF	U(DGFEO#WF="& z ]_F*VS%O0o ]_WjdqXWfF	U%^(GCIH
CA	J E *\y#PZ]jPWq] WfACF>WfdjPZXYO\U%RTFE]XYRTS%OCUX%OPZ]_S%WjACF	WjPZV>n0XWjADGSy`PTOCUI dfS%DK=WjSL"a`^VqA\XYOCU(PQO\U
S(OCFV	S`S%dqopPQO0XWjFXWXWfPQDkF% xPTO\X%RQRT^% FV	XYRTRNMOP?QR
S
T E X¿y%F	df^ n0S(nC[CRZXYd]hWfdfXYWjFEU%^¿ S%dGWjACF
¡¢F	RZXY[\O\Xv^=WfdjPZXYO\U%[CRZXWfPQS(OVUI dfS%D XWfdjPZXYOCU(RQF'W¢O\SYWGV	S%O#WfX%PQO\PQOCU'"  FDkSy%FkWjS=WjACFOCF	PTU%A`a1S%dIS%GW
WfACdfS%[CU(AXYOFEopU(FNX PQ&WfACF RQPTOCF]j[CnCn1S%djWjPTOCU>XI]jF	n0XYdqXWjF*]YW  djS(DZ"V[`WjA\F	dfF¢DXv^a1FNS(OCFNS%dWh SG]_[0VqA
F*opU%F*] S%d8X¢WfdjPZXYOCU(RQF\Wq(P1WjA\F	dfFmXYdfF WhSFDXv^DGSy(FWjSIXYO`^IS%0WfACFE]jF-WhSOCF	PTU%A`a1S%dq]	@-ACPT] X%RQ
PZ] [\]_F*o S(d8WfACFN¡¢F	RZXY[\O\Xv^GWjdfPTX%OCU%[CRZXWfPQS(Oa0F*V	X%[\]_F¢PQOWjA\XYW-VEX%]jF>PQW-VEXYO}a1F nCdfSy%FEoGWfA\XW-PQW-X(VWj[0XYRTRQ^
dfFEX(VqACFE]WfACFdfPQU(A(WiWfdjPZXYO\U%RTF 4 ]p1pJ^7³&8OWjACFV	X%]jFSYeXYO`^WjdfPTX%OCU%[CRZXWfPQS(OWfACFI-XYRTDXv^}RTS`S%n;9_¿F
V	S%O\]jPZopF	d XyX%djPZXYO#W¢S%8WfACFy`PZ]_PTaCPTRQPQWh^-XYRTJUiWjACF`?aObRCI?cb E IPTO¿iACPZVqA=FkopFEV	PTopFGWfA\XW P F
VEXYOVqACS`S(]jF¢a1FWhF	FEOWh SkOCFEPQU(A#a1S%dq]SY3WqpWjACFEOWjACFIVqACS(PTV	F PT]iopS(OCFXWmdqXYO\oCS%D
z>RQR WfACFE]jF-XYRT#PTOCUk]hWfdfXYWjFEU%PTFE]U%FEOCF	dqXYRTPQEF>WfSACPTU%ACFEdmopPQDkFEO\]_PTS%O0]	
@-ACFGnC[Cdfn1S(]jFSYeWfACPZ]¢n0XYn1F	dNPT]¢WjS]hWf[\op^WfACFn1F	dj S%dfDXYO\V	FE]>SY WfACFGoCPF	dfF	O#WN]_WjdqXWfF	U(PQF*]i dfS%D
a1SYWfA WfACF	S(djF	WjPZV	X%RmXYO\o nCdqX%VWfPTVEXYR-n1S%PTO(Wq]kSYNy#PTF	PTOed3f X%O\ogd3h0ji>XYdqopRT^ XYO`^#WjA\PQOCU PZ]k`OCSiO
S(O WjACPZ]IWfS%nCPZVY@-ACF}S(OCRT^=WfACF	S(djF	WjPZV	XYR8djF*]_[CRQW]_WfXWfFE] WfA\XWWjACFO#[\Da1F	dWfdjPZXYOCU(RQF*]y`PT]jPQWjFEo a`^¿WjACF
]_WjdqXYPTU%A#WX%RQPTOXG¡¢F	RZXY[CO\Xv^kWfdjPZXYO\U%[CRZXWfPQS(O}SYk dfX%O\opS(D n0S(PQO#Wf]PTOWfACF nCRZXYOCF(`WjSGdjF*X%VqAXn1S%PTO(W
" dfS%D Xkn1S%PTO#W\=PZ]\*-,ml ="nl o  k2jCiA\F	dfF l ="nlCopF	OCS%WjF*]WjACFIopPZ]_WfXYO0VFN djS(Dp=IWjSq"4 HC;r7 
_ F}XYdfFPTO#WjFEdjF*]hWfFEo¿PQO VS([CO#WjPTOCUOCSYWIS(OCRQ^WfACFO`[CDa1F	dS%]jPQDknCRTPZVFE] y`PZ]_PQWjF*o a#^¿X-XYRT aC[pW
X%RT]jSIWfACF VS(]_W-SY&y`PZ]_PQWjPTOCUGS%OCFN]_PTDknCRQF	{ s_¿F VS(O\]_PZopFEd8WfACF¢dfS%a\[\]hWfOCFE]f] PT]f]_[\FE]dfX%PT]jFEo}a#^GWfACF PQDknCRTF
DkFEO(WqXWfPQS(OS%WfACFIopPQ1FEdjFEO(Wm]_WjdqXWfF	U%PTFE]E
(`F*VWfPQS(O HopFR$0OCFE]IWjACF dfX%DGFE S(dj=SY-WjACPZ]]_Wj[0op^%@-ACFEO  FU%PTy%F}XopF	WfXYPTRTFEo opF*]jV	djPTnpWfPQS(O S%
WfACF¢oCPF	dfF	O#W ]_WjdqXWfF	U%PTFE]Gt(`F*VWjPTS%O0] \%tX%O\oruePQOoCPQDkF	O0]_PTS%O\]HXYO0o WjS(U%FWfACF	d iPWfAVS(DknCRQF	{pPWh^
dfFE]j[CRQWf]E&_ FInCdfSy%FPTOv(`F*VWjPTS%OvrC HWfA\XW>WjACF]_WjSpVqA\X(]hWfPTV -XYRTX(VWf[\XYRTRQ^A\X%]¢Xk	FEdjSnCdfS%a0XYaCPTRQPQWh^S%
RTS`S%nCPTOCU S(djFEy%FEdE(PQOX%O`^GopPTDkF	O\]jPTS%O;38O'(`F*VWfPQS(O]F>nCdfFE]jF	O#W ]jS%DkFmF	{`n1F	dfPTDGFEO#WfXYR1dfFE]j[CRWq] S(OWjACF
PTDknCRTF	DkF	O#WfXYWjPTS%OSYWjACFIoCPF	dfF	O#Wm]hWfdfXYWjFEU%PTFE]E
w x  
 9y6










KNPTy%FEO=]_[0VqAXWjdfPZXYOCU([CRTXYWjPTS%O  S%&{ F]_Wj[0op^opPF	dfF	O#W ]hWfdfXYWjF	U(PQF*]-WjSdjF*X%VqAXb#[CFEdj^n1S%PTO(W
" ]_WfX%d_WfPQOCU dfS%D XU(PQy(F	O ]hWqXYdjWjPTOCUy%FEd_WfF{)=SY#}&-XYRT`PQO\UPTO  a#^¿[\]jPQOCUX(ovg_X%V	F	O\V	^djFERTXYWjPTS%O\]
a1FWhF	FEOWfACFI]jPQDknCRTPTV	FE]iS%n}






@-ACF¢a\X%]jPZVmnCdfFEopPZV	XYWjFmPTOWfACFN]_WjdqXYPTU%A#W8-XYRT t(`F*VWjPTS%ODu X%O\okWfACF>y`PZ]_PTaCPTRQPQWh^kX%RQ t(`F*VWfPQS(O'ru PT]
WfACFH 	;a	¿nCdfFEopPZV	XYWjF%\iACPTVqAPZ]iopFR$0OCFEoSy(F	d ~n0S(PQO#Wq]-a#^WjACFI]jPTU%OSYeX~opPTDkF	O\]jPQS(O\XYR
oCFWjFEdjDkPTO\XYO#W*pF{pnCdfFE]f]_F*o}a1F	RTS  S(d>HX%O\oGoCPQDkF	O0]_PTS%O\]mdjF*]_n1FEVWjPTy%F	RT^JU
H 	;a	+,&}!}  2  ?B	"! $#&%'(#)*#+%'(#$,-%'(, .,%'(, /
HR	+ 	+,0Y} !}k} 12  ?B	324  # %' #  # %' # 1 # %3 # , %' ,  , %' , 1 , %3 ,65%'75 85%'95 1:5;%375 <=
_ ACFEOWhSn0S(PQO#Wf]8A\Xvy%FmX%RQR0aC[pWS%OCF>V	S`S%dqopPQO0XWjFiF*b#[\XYR³YWfACF>F	{`n\djF*]j]jPQS(OS%&H 	;a	]_PTDknCRTP
$0FE]WjS}XkopF	WjFEdjDkPTO\XYO#WiSYopPQDkFEO\]_PTS%O~+%>%s_ F WfX%%FX%oCyvX%O#WfXYU(F¢S%&WfACPT]mPQOWjA\FS%djWjACS(U%S%O0XYR1X%RQ
t(`FEVWjPTS%OtIu1iACPTVqA[0]_F*]iDkS(]_WjRT^ bc@?-P? 	;?BA-bcO 
	JaH?PTOopPTDkF	O\]jPQS(O=HXYO0oDGS(djFU(F	OCFEd_
X%RQRT^  E HRCD?H 	?	%#H 	;a	 nCdjF*opPZV	XWfFE]E;iACPZVqA X%djFGX(]hWfF	dIXYO0o=S%-V	S%[Cdq]_FGDkS%dfFkdjS(aC[\]_W
WfA\XYO WfACFk [CRTR opPTDkF	O\]jPQS(O\XYRGHR	+ 	 WfFE]_Wf]E]jPQO\V	FkWjACFE^=PTO`y%S%RTy%FGRTS FEdIopF	U(djFEFkV	S%DknC[pWqXWfPQS(O\]	
@-A\FS%djWjA\S%U%S(O\XYR -XYRTS%OCRT^[0]_F*]iWjA\F-~opPTDGFEO\]jPQS(O\XYR#H 	;a	 nCdfFEopPZV	XYWjFX}V	S%O\]_WfX%O#W>O`[CDa1F	d
S%&WfPQDkFE]E
@-ACFIX%RQU(S%dfPWfACD]-XYRZ]_SG[\]jFa\X%]jPTVNS(n0FEdfXYWjPTS%O\]-]j[\VqAX(] UEGFHIKJ.L*MNPOQ RSR.L*ONPT8J.L>UV6W dfFWf[CdjO0]8WfACF WjdfPZXYOCU(RQF]jA\XYdfPQO\UF*opU%F UV iPQWjAWjACF WfdjPZXYO\U%RTF R E>XZYZ[HZO*RHP\N.]R_^`Xa V^bXa O_c VqACS`S(]jFE] X X%]WfACFWfACPQdqo y%FEd_WfF{¿S%mXWjdfPTX%OCU%RTFiACS(]jFkWhS
y%FEd_WfPTV	FE]iXYdfF XYRTdjF*X%op^`OCSiO;
t WjACFI]fXYDkF OCS%WfXWfPQS(OiPTRTR;a0F[0]_F*oPTOWjACFn\]jF	[0opSYVSpopF U%PTy%FEOPTOzmnCn1F	O\oCP{;u
@-ACF*]_FkWhSS%n1F	dqXWfPQS(O\]XYdfF]_PTDkPQRZXYdPTO opPTDGFEO\]jPQS(O\]N S%dWfACFOCFEPQU(A#a1S%dS%-XWfFWfdfX%ACFEopdfS%O S%d
WfACF S%[\d_WfA y(F	djWjF	{ SYX¿WjFWfdfX%ACFEoCdjS(O; @-ACF	^ OCF	F*o X V	S%O\]_WfX%O#WkO`[CDa0FEd}SY n1S%PTO(WfF	dq]X%VEVFE]f]kS%d
V	S%Dkn\X%djPZ]_S(O\]O[%WfACF¢F	{CX%VW-O`[CDa1F	dmoCF	n1F	O\oC]S(OWfACF¢PTO#WjFEdjO\X%RdjFEnCdjF*]_FEO#WfXWfPQS(O}SY&WjACFNWjdfPZXYOCU([CRTXYWjPTS%O;





















@-A\PT]DkFWjA\S`oVS%O0]_PZ]hWq];PTOWjdqXvy%FEdf]jPTOCUmXYRTRYWfACF8WfdjPZXYO\U%RTFE] S%pWjACF8WjdfPTX%OCU%[CRZXWfPQS(O< WjA0XWeXYdfF PQO#WfF	dq]_F*VWjF*o
a`^kWfACF¢RTPTOCF]_FEU%DkF	O#W S(djPTU%PTO\XYWjPTOCUI dfS%D XU%PTy%FEO}y%FEd_WfF{=IS% 6X%O\o}FEO\opPTOCUGXYW-WjACF b#[CF	df^n0S(PQO#Ws";
@-A\PT]-PZ]in1F	dj S%dfDGF*o[0]_PTOCUGWjACFIX(ovg_X%V	F	O\V	^}dfF	RZXWjPTS%O0] a1FWhF	FEOWfACF WjdfPZXYOCU(RQF*]	
S(djFn\djF*VPZ]_FERQ^( WfACF¿X%RQU(S%dfPWfACD $0df]_W}n0FEd_ S(djD]XYO PQO\PWfPTX%RQPTEXYWjPTS%O ]_WjF	n U= dfS%D S%OCFWfdjPZXYO\U%RTF
PTO\V	PTopFEO#W¢WfS`=FWj[CdfO¿X%djS([CO\o@=[\O(WfPQR X}WjdfPTX%OCU%RTFPTO#WjFEdf]jFEVWjFEo=a`^WjACFGdfXv^="¿PT]¢ S([CO\o I¡¢[CdfPQOCU
WfACPZ]PTOCPQWjPZXYRTPQ*XWfPQS(O]hWfF	n;S(OCF8S(djPTF	O#WqXWjPTS%O WfFE]_WPZ]OCF	F*opFEoI S%dFEX%VqAy#PZ]jPWfFEo WfdjPZXYOCU(RQFXYO\oWjACFO`[CDa1F	d
S%y`PZ]_PQWjF*oWfdjPZXYO\U%RTFE]PT]>XWiDkS(]_WWfACFIopFEU%dfF	F SY3=`pWjA`[\]mXYWiDGS#]hW\ =WjdfPTX%OCU%RTFE]E
 O\V	FmWfACF¢PTOCPQWjPZXYRTPQ*XWfPQS(O]_WjF	nPT]-VS(DknCRQF	WjF*o #WjACF ]hWfdfX%PQU(A#W8X%RQkdfFEX%RQRT^]hWqXYdjWf]EzWiXIU(PQy(F	O]_WjFEn
S% WjA\FG-XYRT FWjdqXvy%FEdf]jF]jS%DkFWfdjPZXYO\U%RTF>Wq&X%O\oWfACFkdfXv^="¿U%S`FE]NS%[CWNS%&WiWfACdjS([CU%A=FEopU(F-X#^
WfFE]_WjPTOCUS%OiACPZVqA]_PZopFS%sXRQPTFE]Y";CFIopFEV	PToCFP!WVS%O#WqXYPTO\]!"S%diPQWjACF-XYRTD[\]_WmU%SS%O&!8OWjACF
RZXWfF	dmVEX%]jF%#WjACF-XYRT}U(S#F*] WjSkWjA\FOCF	PTU%A`a1S%d-SYsWeWfACdjS([CU%A XIX%O\oWjACFOCFE y(F	djWjF{SY&WfA\XWiWfdjPZXYO\U%RTF
PZ]RTSpV	XWfFEo iPQWjA dfFE]jn0F*VWIWfSWjACF}RTPTOCF=" WjS¿opFEV	PTopFa`^ iACPZVqA F*opU%FS%-WjA\XYWWjdfPTX%OCU%RTFkWjACFdfXv^v="
U(S`FE]iS([pW-t']_FEFxPQU([CdjFu RQF	¼Wcu¢@-ACF	dfF S(djF(CWjA\FO`[CDa1F	d¢SY S(djPTF	O#WfXYWjPTS%OWjF*]hWq]>n1F	dj S%dfDkFEo S(d>FEX(VqA




-XYRT`PQO\U¿]_WjdqXWjFEU%^ PT]GWfA\XWkPTO nCdqX%VWjPZVF^%S%[ y#PZ]jPWkRQF*]j]WfdjPZXYOCU(RQF*]PTO X¿dfFEX%]jS%O0XYaCRTFWjdfPZXYOCU([CRTXYWjPTS%O;
X%RWfACS%[\U%AWfACF "j*-, 2ia0S([CO\o¿PT]¢WfPQU(A(W*&X%]N]jACSiO=a`^xPQU([CdfFu	³dfPQU(A#WE 8O=WfACF]_n1FEV	PTX%ReV	X%]jFS%
¡¢F	RZXY[\O\Xv^kSY&n1S%PTO#Wf]F	y(F	OCRT^opPT]_WjdfPTaC[pWjF*o pPQW-VEXYOa1FNnCdjSy(F	OWfA\XWWjA\F¢O`[CDa0FEdS%&y`PT]jPQWjFEo}WjdfPTX%OCU%RTFE]
oC[CdjPTOCUGWjA\FX%RQPZ]G*-,ml ";=l o  32\4r 7³



















KNPTy%FEO y%FEd_WfF{ = S%5 XYO\o4X b#[CFEdj^ n1S%PTO#W"&>WfACF¿PTOCPQWjPZXYRTPQ*XWfPQS(O4]_WjF	n VS(O\]jPT]_Wf]PQO $\O\oCPQOCU
WfACFWjFWfdfX%ACFEoCdjS(OPQO\V	PToCF	O#W¢WfS'=PTO#WjFEdf]jFEVWjFEoa#^WfACFdqXv^ =";;]_WfXYdjWjPTOCU dfS%D X%OCSYWfACF	d>WjF	WjdqXYACF*opdjS(O
PTO\V	PTopFEO#WGWfS=` @-ACPZ]knCdjS(aCRTF	D PZ]PTO X%VWkWfACFH=opPTDkF	O\]jPTS%O\X%Rn\djS(aCRQFED SYNRQSpV	XYWjPTOCU¿WjACFdqXv^ ="
PTO WfACF]_F	WGS%>dqXv^`]A\Xvy`PQO\U)=X(]S(djPTU%PTO XYO0o WjdfPZXYOCU([CRTXYWjF*o a`^ WjACFWjF	WjdqXYACF*opdfX=PQO0VPZopF	O#WkWjS =PTO
@-ACPZ]¢PTOCPQWjPZXYRTPQ*XWfPQS(O¿]_WjF	n PZ]>WfA`[\] ]_S(RQy(FEoa`^WjA\FH%¡ (#WjdqXYPTU%A#W _ X%RQX%RQU(S%dfPWfACD>SYWfPTV	FWfA\XW
WfACFS%dfPTF	O#WfXYWjPTS%O¿WjFE]_WI S(dWjACdfF	FdqXv^p]NF	DXYO\XYWjPTOCU dfS%D =PZ]WjA\F[\]_[0XYR S(djPTF	O#WfXYWjPTS%O¿WjF*]hWPTO WjACdfF	F
oCPQDkF	O0]_PTS%O\]Ee@-ACF>dfFE]j[CRQWf] SY;WfACFNnCdjFEy`PQS([\]8n0XYdqXYU%dqXYn\AGS(OWjA\F¢O`[CDa0FEdS%&y`PT]jPQWjFEoWjdfPTX%OCU%RTFE] S%d WjACF
O`[CDa0FEdiSYnCdfFEopPZV	XYWjFE]n1F	diWfdjPZXYO\U%RTFNX%nCnCRT^ACFEdjF(
zm¼WjF	dGWfACPT]PTOCPWfPTX%RQPTEXYWjPTS%O;WfACFDX%PQO n0XYdjWSYiWfACF-XYRT a0FEU%PTO\]	 zWGX=U%PTy%F	O ]_WjFEn;eF`OCS
WfA\XWNWjA\FGdqXv^U%S`FE]NS%[CWNS% ]_S(DkFIWjF	WjdqXYACF*opdfS%OvWia`^XX%V	FW<X(WfACF	O FD[0]hWIopF*VPZopFPQ WfACFkX%RQ
WfF	dfDkPQO\XYWjF*]iPQO@Wa`^RQS`S%`PTOCUS%OiACPZVqA]jPTopFSY!XIRTPQF*]Y" t']_FEFIxPQU([CdjFGHu98 WjACFX%RQVS(O(WfPQO`[CF*]iPTO
WfACFGOCF	PTU%A`a1S%d>S%&WWjA\djS([CU%AvX#1WjA\F	O¿WjACFGdfXv^ ="U(S`FE]¢S%[pW SYeWfA\XW OCF	PTU%A`a1S%d¢a#^X}X%V	FW iACPTVqA=PT]
oCFWjFEdjDkPTOCFEoa`^}WhSkS%dfPQFEO(WqXWfPQS(O}WjF*]hWq]-PQO`y(S%RTy#PTOCU=`";CWjACFOCFE y(F	djWjF{XYO\oXGy%F	djWjF	{SY3X#
@-A`[\]WjA\FO`[CDa0FEdGS%>S%dfPTF	O#WfXYWjPTS%O WjF*]hWq]Gn0FEdGy`PZ]_PQWjF*o WfFWjdqXYA\FEopdfS%O PZ]GF{CX%VWjRT^ \ z>]GPTO WhS
oCPQDkF	O0]_PTS%O\]EvWjA\FiO#[\Da1F	dSY1y#PZ]jPWfFEoWjFWfdfX%ACFEoCdfX>PT]eV	RQF*XYdfRQ^ a1S%[CO\oCFEoa#^IWjACF-O`[CDa1F	deS%CWjF	WjdqXYACF*opdqX
S%% ]jPTO\VFmX WfFWfdfX%ACFEopdfS%OkV	X%OCOCS%W a0Fmy`PZ]_PQWjF*oWhiPTV	F%e@-ACPZ]eO`[CDa1F	d PZ]8b#[\X(opdqXWjPZVPQOkWfACFmS%dq]hW VEX%]jF
X%O\oXGb#[\X(opdqXWjPZVNa0S([CO\oDXv^}a1FdjF*X%VqACF*oX%]i]jACSiOa#^WjACFF	{CXYDknCRTFNS%xPTU%[CdfFC
    
	 	  
@-A\FX%a0Sy(F8XYRTU%S(djPQWjACD]opS>O\SYWA\XYO\oCRQF-opF	U(F	OCFEdfXYWjFV	X%]jFE]EV_ ACFEOWfACFdfXv^<="IU(S`FE]F{CX%VWjRT^ WjACdfS%[CU(A
Xy%FEd_WfF{SYeWjA\FWfdjPZXYOCU([CRZXWjPTS%O&\S%d¢WjA\djS([CU%AX%OFEopU(FPTO=%¡1WjACFOCF{`WVFERQRWjdqXvy%FEdf]jFEoa`^WjACFdfXv^
PZ]-OCS%WiXOCFEPQU(A#a1S%d-S%&WjA\FnCdjFEy`PQS([\]8S(OCF%s8O]j[\VqAXGV	X(]_F(#WjACFIX%RQU(S%dfPWfACD D[\]_Win0FEd_ S(djD XG`PTO\oS%
PTOCPQWjPZXYRTPQ*XWfPQS(O]_WjFEnWfSka0FIX%aCRQFNWfS}VS%O#WfPQO`[CFNWjA\FX%RQ
























WfSGWjACFIV	S#S(dfoCPQO\XYWjF X{pPZ]iXYO\oWjSkU(FWmXYO CIm	%-XYRTvt']_FEFIxPTU%[\djF tkRQF	¼Wcu
8 WjACFkdqXv^";=PT] n\X%dfX%RQRTF	RWfSXV	S#S(dfoCPQO\XYWjFkX{pFE]EWjA\F	O WjACFS(djPTF	O#WqXWjPTS%OWjFE]_Wf]ISY8WfACF]hWfdfX%PQU(A#W
-XYRTPTO#y(S%RTy`PQOCUGa1SYWjA"XYO\o`=Ia1FEV	S%DkF]_PTDknCRTF	dmX%]-O\SYWjPZVF*oPTO(`FEVWjPTS%OHp @-ACPZ]-PT]WfACFV	X(]_FNSYWjACF
S(djPTF	O#WqXWjPTS%OWjF*]hWq]8PTO`y%S(RQy(FEoPQOkWfACF>PTOCPQWjPZXYRTPQ*XWjPTS%On\A\X%]jFmXYO\okS%WjACF>WjFE]_Wf] WjSoCFEVPZopFma`^iACPTVqAF*opU%F
S% WfACFWfdjPZXYOCU(RQF@t AHR?0X%V	FWS%-WjACFWfFWfdfX%ACFEopdfS%O%u¢WjACF}dqXv^U(S#F*]S%[CWE`8 WdjFEDXYPTO\]S%O\FkWjFE]_Wn1F	d













WfACFWjdfPTX%OCU%[CRZXWfPQS(O;¢z6a1S%[CO\o=SY D " *-,2iV	X%Oa1FdfFEX(VqACFEoPTO HopPQDkFEO\]_PTS%O0]>t'xPTU%[\djFtdfPQU(A(Wu
@-A\FS%djWjA\S%U%S(O\XYR -XYRTV	XYO=a0FGb([0X%opdqXWfPTV PTO¿}oCPQDkF	O0]_PTS%O\]¢X%]N]_A\SiOa#^WjA\FF{CX%DGn\RQFSY8xPQU([CdfF
\
x\S%dIWfACF]jn0F*VPZXYRV	X%]jFSY-WfACF¡¢F	RZXY[CO0Xv^WjdfPZXYOCU([CRTXYWjPTS%O SYidqXYO\oCS%D n1S%PTO#Wf]PQO WfACF}nCRZXYO\F%WjACF
O`[CDa0FEdS%my`PT]jPWfFEo WfdjPZXYO\U%RTFE]oC[CdjPTOCU=WjACFX%RQ PZ]-*-,A,ml "#l* l n=lS2 o  32-4 r7³8O WfACFS(d_WfACS%U(S%O\X%R
-XYRT1WjACFkopPTDGFEO\]jPQS(O=SYeWfACFkS%dfPQFEO#WfXWfPQS(OWjF*]hWq]NoCFEVdfFEX(]_F*]	VS(Dkn\XYdfFEoWfSWfACFk]hWfdfX%PQU(A(W¢X%RQaC[pW
WfACF=O`[CDa0FEdSYIy`PT]jPQWjFEo WjdfPTX%OCU%RTFE]PQO\V	djF*X%]jFE]E6@-ACF Xvy%FEdfX%U%FdqXWjPTS a1FWhF	FEO WjACF RTF	OCU%WjA S%IWjACF
]_WjdqXYPTU%A#W-XYO\oWjACF S(d_WfACS%U(S%O\X%R0-XYRTp]8PZ]WjACFXvy(F	dqXYU%F(%S(OWfACF [COCPQW>]_nCA\F	dfF¢PTO`~oCPQDkF	O0]_PTS%O\]EpSYWjACF
]j[CD SYWjA\FXYa0]_S(RQ[pWfFyXYRT[CFE]>SYWjACFVS`S%dqopPTO\XWfFE]ECiACPZVqAPT]N~WfPQDkFE]mWjACFGXvy%FEdfX%U%FNSYWjACFGXYa\]jS%RT[pWfF











  ! "#     
8OkopPTDGFEO\]jPQS(O\] U
%$   R/Y&'( )!~
$   &! "!~
 %$   '( \!~   
_ FU%PTy%FPTO zmnCn1F	O0opP{ X opF	WfXYPTRTFEo n\]jF	[\opS V	SpopFopFE]fVdfPTnpWjPTS%O SYNWjACF¿XYRTU%S%dfPQWjACD PTO WhS oCP
DkFEO\]_PTS%O0]	e@-ACF¢Wh SkopPTDkF	O\]jPQS(O\XYRS(djPTF	O#WfXYWjPTS%OWfFE]_Wf]iX%djF¢djFEnCRTX(VF*o}a`^}VS(DGn0XYdfPT]jS%O}S%VS`S(dfopPTO\XYWjFE]
oCF	OCS%WjFEoa`^ MH8X.N+* , MNZ[H  XZH.].R S%d O	IKJ.L*R PTOWjACFn0]_FE[\opSVSpopF(
- . 0/E	21  ;     y6	 
3    4   
@-A\F@MOP?QR
S
T E S¿PZ]IF{`WfdjFEDGFERQ^ ]_PTDknCRTF%z;F	W[\]oCFE]fVdfPQa1FPWPQO H%¡@-ACF%¡ V	X(]_FPZ]]jPQDkPTRTX%dE
WfdjPZXYO\U%RTFE]gh[\]_W¢A0Xvy%FWfS}a0FGdfF	nCRZX%V	FEoa`^WfFWfdfX%ACFEopdqXXYO0oFEopU(FE]ma`^X%V	FWq]	>@-A\FXYRTU%S(djPQWjACD ]_WfXYdjWf]
 dfS%D XkWjdfPZXYOCU(RQFPTO\VPZopFEO(W>WjSWfACF]_WfXYdjWjPTOCUy(F	djWjF{ =`i@-ACF	O;\ S%d¢FEX%VqAy`PZ]_PQWjF*oWjdfPTX%OCU%RTFqWqCWfACF<$\dq]hW
F*opU%F@X=PT]WjFE]_WjF*o  8 NWfACFRTPQO\F]_[Cn\n0S(d_WfPQOCU X ]jF	n\X%dfXYWjFE]W dfS%D "&-iACPTVqA dfFEop[0VFE]WjS X ]jPQO\U%RTF


















iPQWjAopFEU%F	O\F	dqX%VPTFE]Ek8 hp S%diXYOFEoCU%F X("RTPQF*]-S%OWjACF]j[CnCn1S%djWjPTOCUGRQPTOCFSY3X#(WfACF	OWfACF DGF	WjACSpoiPTRQR
RTS`S%NXW&WfACF OCF	{`WFEoCU%F%zW&RTFEX%]_W&S(OCF SYpWfACF F*opU%F*];SYpF*X%VqA WjdfPZXYOCU(RQFePZ]]j[\VqA WfA\XW&PQWf]]j[CnCn1S%djWjPTOCUmRTPQOCF
]_WjdfPZVWjRT^]jF	n0XYdqXWjF*]WjACFmWjdfPTX%OCU%RTF djS(D WfACF>b#[CF	df^In1S%PTO#WEe@-ACFmS(OCRQ^GopF	U(F	OCFEdfX(VPTFE]WfSa0F>V	S%O\]jPZopF	dfFEo 






@-ACF y`PZ]_PTaCPTRQPQWh^}-XYRTPQOX¡¢F	RZXY[\O\Xv^kWjdfPTX%OCU%[\RTXYWjPTS%OX%RQ-Xv^p] WfF	dfDGPTO\XYWjFE]EpPTOX%O#^}oCPQDkF	O0]_PTS%O)4 7³

>Op S%djWj[\O\XWfF	RT^%v S%dOCS(O¡¢F	RZXY[CO0Xv^¢WfdjPZXYO\U%[CRZXWfPQS(O\]	*WfACF y`PZ]_PTaCPTRQPQWh^-XYRTNDXv^ X%RQR`PTO(WfSNX¢V^pVRTF%FEy%FEO
PTOHY¡\X%]PTRQRT[\]_WjdqXWjF*oa`^WjACFNXYDkS([\]-F{CXYDknCRTF SYxPTU%[\djFqrp >S%Op¡>FERTX%[CO\Xv^kWfdjPZXYOCU([CRZXWjPTS%O0]NtF% U\
WfACFVS(O\]hWfdfX%PQO\FEo¡¢F	RZXY[\O\Xv^kWjdfPTX%OCU%[\RTXYWjPTS%O+u XYdfFNX%RT]jSGPQO#WjFEdjF*]hWfPQO\UPTOn\dfX(VWjPZVF XYO0o}WfACF	^VEXYOCO\SYWia0F
FERQ[0opFEo e@-ACFEdjF	 S%dfF%%WjSXvy(S%PZokPQO$\OCPQWjF>RTS`S%n\] PTO(WfSV	^`V	RQF*] S%;OCS%Op¡¢F	RZXY[CO\Xv^WjdfPZXYOCU([CRTXYWjPTS%O\]E(XIRQPQW_WfRQF




@-ACF ?aObRCI?b E SPT]S(apWfX%PQO\FEoGa`^IdjFEnCRZX%VPTOCU¢WjACFmX(V	V	FE]f]WjSNWjACFYc?F*opU%F-SY Wa#^IWjACFmX(V	VF*]j]
WfSX A	6 ? FEopU(FISYsWqm@-ACPZ]iF	O\]j[CdfFE]mWjA\XYWE\PQeWjA\FIX%RQF	O#WjFEdf]>X}V^pVRTFSYWfACFIWfdjPZXYOCU([CRZXWjPTS%O&CPW
VEXYOCO\SYW RQS`S%n¿PQO#WfSWfACPT]V	^pVRTF S(djFEy%F	d*@-ACFGWjFEdjDkPTO\XWfPQS(O=SY8WjACF]_WjSpVqA\X%]_WjPZVX%RQPTO X%O#^`PTO\o=S%
WfdjPZXYO\U%[CRZXWfPQS(OiPTRQR;a1FnCdfSy%FEOPTOWfACFOCF	{#Wm]jFEVWjPTS%O;
@-ACF]_WjSpVqA\X(]hWfPTV-XYRT n1F	dj S%dfD]uWjS  S%dfPTF	O#WfXYWjPTS%O WfFE]_Wf]PQO FEX(VqA y`PZ]_PQWjF*o WjdfPTX%OCU%RTF% S%dfF











WfACFknCdfF	y`PQS([\]NS%OCFkPZ] VqACS(]jF	O¿iPWfA n\djS(a\XYaCPTRTPWh^GC;X%O\oWhSWjF*]hWq]XYdfFn1F	dj S%dfDkFEo  S(d¢WfACFOCF	{#W
S(OCFNPT]-VqACS#]_FEO;pXYO\o}WjACdfF	F¢WjF*]hWq]iXYdfF>n1F	dj S%dfDGF*o e@-ACPZ]X%DkS%[CO#Wf] WfS"K  Re c5 p
8OWfACFVEX%]jFiACF	OWfACFIWfdjPZXYO\U%RTFA\X%]mWh SF*opU%F*]miACS#]_FI]j[CnCn1S%djWjPTOCU}RTPQO\FE]>]jF	n0XYdqXWjFPQWm dfS%D ";0WjACF
O`[CDa0FEd>S%WfFE]_Wf]¢PT]NZe >  \-@-A`[\]E0WjACFGXvy%F	dqXYU(F¢O`[CDa0FEd>S% S%dfPQFEO(WqXWfPQS(OWfFE]_Wf]>PT]
RTFE]f]eWfA\XYOHp`iACF	dfFEX(]ePQWPZ]H  S%d WjACFN]hWfdfX%PQU(A(W X%RQs(`PQDkPTRTX%dV	S%DknC[pWqXWfPQS(O\]8]jACS WjA\XYW PTO(¡(WjACF
Xvy(F	dqXYU(FmO`[CDa1F	dmS%&WfFE]_Wf]iPZ]-RQF*]j]WfA\XYOHC rCpiACF	dfFEX(] PQWmPZ]m S%d-WjA\FI]hWfdfX%PQU(A(W--XYRT1
z yX%djPZXYO#WSY1WjACFm]_WjSpVqA\X(]hWfPTV-XYRTIPT]eWjACF<AH ?FH ?QmHR
	Iq?aObRCI?b E SiACS(]jF-n\]jF	[\opS% V	SpopF-PT]
U(PQy(F	O PTOIzmnCn1F	O\oCP{ k8OX-U%PTy%FEO¢WfdjPZXYO\U%RTF%EWjACF y#PZ]jPQaCPTRTPWh^t]_WjSpVqA\X(]hWfPTVS(d;OCSYWu -XYRT¢VEXYO WjF*]hW&WjACF F*opU%F
iA\F	dfFIPW VS(DGF*]i dfS%DXYO\oWfA`[\]>n1F	dj S%dfD]>X%OS%dfPQFEO(WqXWfPQS(OWfFE]_W>WfA\XWNX(]>XYRTdfFEX%oC^n1F	dj S%dfDGF*oPTO
WfACFmnCdfF	y`PTS%[\] y#PZ]jPWfFEoGWjdfPZXYOCU(RQF(@-ACPZ]8VEXYOa1F¢Xvy(S%PZopFEoa`^dfF	DkF	Da0FEdjPTOCU0Y S%d8FEX%VqAy`PZ]_PQWjF*oGWjdfPTX%OCU%RTF%
WfACF}F*opU%FGWjA0XW-X%]-gh[0]hWV	djS#]j]jFEo=a`^=WfACFX%RQ@-ACF	O;a1F S%dfFkWjF*]hWfPQO\UXYO FEopU(F%PWGVS%Dkn\X%djF*] PW
iPQWjA=WjACFGdfF	DkF	Da0FEdjF*oFEopU(F% @-ACPZ]NV	S%Dkn\X%djPZ]_S(OVS(O\]_PZ]_Wf]mS% XV	S%O\]_WfX%O#W¢O`[CDa1F	dNSYVS%Dkn\X%djPZ]jS%O
S%n1S%PTO#WjF	dq]E`X(]DGFEO#WjPTS%OCF*oPTO (pFEVWfPQS(OHC  S%DknC[pWqXWjPTS%O0]iXYO\X%RQS(U%S%[0]eWjSGWfACF S%OCF*]oCS%OCFXYa1Sy%F> S%d
WfACFyXYdfPTX%O#WiPQWjACS([pWmDkF	DkS%df^}RTFEX(o}WfS}XYOXvy%F	dqXYU(F>O`[CDa0FEdiSYS(djPTF	O#WqXWjPTS%OWjF*]hWq]-RQF*]j]WfA\XYO u( rPTO
WhSopPTDGFEO\]jPQS(O\]eXYO\oRTFE]f]WjA\X%OG PTOWjACdfF	FmopPTDkF	O\]jPTS%O\]En8 W PZ]OCS%W8VRTFEXYdeiA\FWjA\F	dedfF	DkF	Da0FEdjPTOCUNWjACF
F*opU%FGXYO\on0FEd_ S(djDkPTOCU}WfACFGV	S%Dkn\X%djPZ]_S(O\]i S(d¢F*X%VqAWfdjPZXYO\U%RTFIPT]NRTFE]f]>F	{pn0FEO\]_PTy%FPQO¿nCdqX%VWfPTV	FIWfA\XYO=X
[0]_FERQF*]j]eS(djPTF	O#WqXWjPTS%OWjF*]hW PQO}]jS%DkF-WjdfPZXYOCU(RQF*]	@-ACF-Wh SyX%djPZXYO#Wf] iPQRTRCa1F>VS(DGn0XYdfFEoGF{pn1F	dfPQDkF	O#WqXYRTRQ^
PTO@(`FEVWjPTS%O ]C
3 	  4    
 	 	
         	     	
z&FWi[\]mX%O\XYRT^`	F¢WjACFIX%RQU(S%dfPWfACD PTOopPQDkFEO\]_PTS%O ~0
KNPTy%FEO@"; FopFR$\O\FWjACFopPTdjF*VWjF*o U%dqXYnCA  dfS%D eX%]  S(RQRTSm]	@-ACFOCSpopFE]SY4XYdfFWjACF
]jPTDGn\RQPZVF*]¢S%& t FkiPQRTRe[\]jFWfACF]jX%DkFOCS%WfXYWjPTS%O S(dIX]jPTDGn\RQF	{¿XYO\o¿PQWf] X%]f]_SpV	PTXYWjFEo=OCSpopF u&XYO0o






      
MH 	  ARbcH  Xq?cCIAHFQT ?D?-+SbcHR?&W\	 GW3	 <?;bRC>CIkCIH AbNBA eP?\HR	+ HAcm@? 	%:H Wq '	%:HNW&CIH-%ADQmQ
S
T`CG?  bC?b-CAHcbRCD
	IWLOHR?5a5W#P? AHc H 
CI	  |   
  ;	  8 iWjA\Fn\XYWjA U%S`F*] WjACdfS%[\U%A WqWjACFEO XX%V	FWS%GWNA\Xvy`PQOCU" S%O WjA\FSYWfACF	d]_PZopF}D[\]hWGa0F
VqA\S(]jF	OWfSGV	S%O#WjPTO`[CFmWfACF]hWfS`VqA0X%]_WjPZVmn\XYWjA;sX DXv^ka0FVqACS#]_FEOF$\dq]hW*(WfACF	OWjA\FN]_WjSpVqA\X(]hWfPTV>n\XWfA[\]jFE]




 `    
MHR	 v		  	6 ;H T 
	;s" 
	SD?H 	?	 ~NCIH?aObRCI?cb





  ;	  @-ACFS%[pWj opFEU%dfF	FS%eX}OCSpopFS% PZ]ma1FWhF	FEOGXYO\ov~\mz¢]>OCS%WjPZVF*oa0F	 S%dfF%0WjACFIU(dfX%nCA 
DXv^A0Xvy%FkV^pVRTFE]E;aC[pW FkiPTRQR n\djSy(FWfA\XWWfACF}]hWfSpVqA\X%]_WjPZV-XYRT=VEXYOCOCS%WIV^pVRTFG S%dfF	y%FEdXYO\o iPTRQR
O\FEVF*]j]fXYdfPTRQ^dfFEX(VqA}WjA\FS%OCRT^]jPQOCSYWjACFU(dfX%nCA CP³ F(WjACFI]jPTDGn\RQF	{{ VS%O#WqXYPTOCPQO\U "&
z&FWm[\]iRZXYa1F	RXYRTRWjACFOCSpopF*]iSY a`^WfACF	PTd>opPZ]_WfXYO0VFE]WfS'{ PTO  CiACF	dfF WjA\FIopPT]_WfX%O\VF a1FWhF	FEO
XOCSpopFWjS@{ PZ]¢WjACFkDkPQO\PQD[CD O`[CDa1F	d SY-XYdqV	]>WjSa0F S%RTRTS F*oWjSdjF*X%VqA{  djS(D WjACPZ] OCSpopF t a`^
WfACFoCFR$\OCPQWjPTS%O=SY  0WfACF	dfFIPZ]>X%RQ-Xv^p]mXn\XYWjA dfS%D XYO`^OCSpopFWjS{sum@-A\F	Oa`^VS%O0]hWfdj[\VWjPTS%O;\ S%d
X%O`^OCSpopFWmS%RZXYa1F	R;WfACF	dfFF{pPZ]hWq]XYO XYdqVS%   djS(D W>WjSXWIRTFEX(]hWS(OCFOCSpopFkSY-RTX%a0FERC%%
@-A`[\] PQnWePZ]8y`PZ]_PQWjF*o #WjACFEOXOCSpopF>S%&RTX%a0FER+%3¢PT] y`PT]jPQWjFEoiPWfAnCdfS%a0XYaCPTRQPQWh^GACPQU(ACF	d WjA0XYO  |   a`^z&F	DkDXu%








,~2  % ,~& 2 -   ~
t1   uNiACF	dfF32 PZ] WjA\FDkXY{pPQDXYReRTF	O\UYWjAjtPQO WfF	dfDk] S%O`[CDa0FEdISYiXYdqV	]cu>SYiX]_ACS(d_WfFE]_Wn\XWfAPTO   djS(D X%O`^ OCSpopFWfS {- (`PQO0VFWjACF]_WjdqXYPTU%A#W-XYRT PT]kX¿n\XYdjWjPZV[CRZXYdkV	X(]_FSY>y`PZ]_PTaCPTRQPQWh^ -XYRT1
2 PT]a0S([CO\opF*o a`^WjA\F}RQS(OCU%F*]hWI]_WjdqXYPTU%A#WX%RQ¿PQO WfACFkWjdfPZXYOCU([CRTXYWjPTS%O;&WjA\XYWPZ]42  *-, 32¢PTO WhS
oCPQDkF	O0]_PTS%O\]iX%O\o52  *-, Vf2 PQOWjA\djFEF oCPQDkF	O0]_PTS%O\]E

>Op S%djWj[CO0XWjFERQ^( S%dy(F	df^¿]jn0F*VPZXYRVS%O$\U%[CdqXWfPQS(O\] SYin1S%PTO#Wf]EWfACPZ]F	{`n1S%O\F	O#WjPZXYR RTF	O\UYWjA S%iWjACF
]_WjSpVqA\X(]hWfPTV¢-XYRTV	X%OX(VWj[0XYRTRQ^}a1FdfFEX%VqA\FEo 
@-ACFWjdfPTX%OCU%[\RTXYWjPTS%O opF	n\PTVWjFEo S%O xPTU%[CdfF`^V	S%O\]jPT]_Wf]SYiS%O\FVFEO#WjdqXYReWfdjPZXYOCU(RQFVS%O#WqXYPTOCPQO\UWjACF
n1S%PTO#W&"WjSa0FIRTSpV	XYWjFEoX%O\o6RTXv^(F	dq]-SY V^pVRTFE]>XYdfS%[CO\oPQWEi@-ACFE]jFIV^pV	RQF*]iU%SkWfACdjS([CU%AXkdfFEVWfXYO\U%RTF
 S(djDkF*oa`^78f ]_DX%RQR&]fb#[\XYdfFE]E




















		   












F*opU%F<X 'CiACPZVqA S(dfV	FE]WfACFX%RQ}WjSk S%RTRTS4XkV^pVRTF%&X &V	XYOXYRZ]jSGa1FIVqACS#]_FEO$\dq]_WmiPWfAn\djS(a\XYaCPTRTPWh^\ (`S0WjACFG-XYRT]_WfXv^p]¢PQO=WjACFkV^pV	RQFGiPWfA=nCdfS%a0XYaCPTRQPQWh^@C @-ACFF*opU%F-X  X%RQRTSm]mWfACFGX%RQWjS
RTFEXvy(FmWfACFNV	^pVRTF%38 WiPT]-VdfS(]f]jFEoS(OCRQ^iA\F	OPQWiPT]-VqACS#]_FEOF$\dq]hW*piACPZVqASpV	V	[Cdf] iPQWjAnCdjS(a\XYa\PQRTPWh^gC
z&FW>Xk]hWfSpVqA\X%]_WjPZVNX%RQ]_WfX%d_W-PTOWfdjPZXYO\U%RTF WopF $\OCFEoPTOWfACF $\U([CdjF(
8 W-dfFEX%VqA\FE] "WjA\djS([CU%A}F*opU%F& Ph` S(d-FEX%VqAy#PZ]jPWfFEoWfdjPZXYO\U%RTF%#PWmVqACS`S(]jFE] WjACF F*opU%F¢S%[pW-SY;WfACF V^pVRTF%
iA\PTVqASpV	V	[Cdq]iiPWfAnCdfS%a\X%aCPTRQPQWh^v,  2   8 WNdjF*X%VqACF*]!"WjA\djS([CU%AFEoCU%F  PQ PQW¢VqACS`S(]jFE]  WjPTDkFE]>WjACF
F*opU%FNSYWjACFV	^`V	RQF(`WjACFEOPWmVqACS`S(]jFE]8WjA\FFEopU(F¢PTOWfACFIV^pV	RQF((WfACF	OPQWmVqACS`S(]jFE]  % eWjPTDkFE]WjA\FNF*opU%F
S([pW S% WjACF V^pV	RQF(@-A\PT] SpV	V[\df]8iPWfAnCdfS%a\X%aCPTRQPQWh^  	, 2	0,2  z>O\XYRTS%U(S%[\]jRT^%%PQWiVdfS(]f]_F*] FEoCU%F
iPQWjAnCdfS%a0XYaCPTRQPQWh^, $ 2 	0,2f	0,2  @-A`[\]EIWfACF -XYRT FEO#WjF	dq]WfACF  8 f dfFEVWqXYOCU(RQF a#^ S%O\F SYkWfACF  F*opU%F*]1 iPQWjA n\djS(a\XYaCPTRTPWh^%e,2  %  	0,2	0, 2  %e, $ 2 	0,2 f+	0, 2  z&FW8[0]8VS(O\]jPTopFEd Xn\XYWjAF	O#WfF	dfPQOCU WfACFmdfFEVWfXYO\U%RTF-WjACdfS%[CU(A 1`KNPTy`PQOCUX WjPTU%A#W a1S%[CO\o}S%OGWjACF>nCdjS(a\X
a\PQRTPWh^kWfA\XWi]j[\VqAXn\XWfAU%S`F*]8S([pWS%;WjA\F¢dfFEVWfXYO\U%RTFmWjA\djS([CU%A}S(OCF>F*opU%FNSY
	¢PZ]-b#[CPWfFNV	S%DknCRTPTVEXWfFEo 
z&FWI[\] [0]_F}XRTS#S#]_Fka1S%[CO0o¿F*b#[\XYReWfS , I2    8  WfACFn\XYWjA opS`FE] OCS%WIU%SS%[CWWjACdfS%[CU(A	# WfACF	O
PQWmOCF*VFE]f]fXYdfPQRT^djF*X%VqACF*]PWq]i]hWqXYdjWjPTOCUGWjdfPTX%OCU%RTFNWq0XYO\o[\]jPQO\UWfACFnCdfF	y`PTS%[\]a1S%[CO\o;pWjACPZ]iSpV	V	[Cdq] iPQWjA
n\djS(a\XYaCPTRTPWh^U(djF*XWjFEdWjA\X%O3%e,2    
(p[CDkDkX%djPT	PTOCU0CXn0XWjA]_WfX%d_WfPQOCUkXWGW8djF*X%VqACF*]#W X%U(XYPTOiPQWjAnCdfS%a0XYaCPTRQPQWh^}U(djF*XWjFEd8WfA\XYO
 %e, 2  %  	0,2 	,  2  %g, $ 2 	, 2 f 	,  2   %e,I2    2   P%  f     f %     	
(pS\EWjACFeF	{`n1FEVWjF*o O#[\Da1F	d;S%(WfPQDkFE];WjA\XYWnW0PT] y`PZ]_PQWjF*o PT];U%dfFEXWfF	d1WjA0XYO /  % f     h $  %  f $    $   $! " $    $# 	C@-A\F ]jACS(d_WfFE]_W-V	^`V	RQFN dfS%D W WjSW PZ]-S%apWqXYPTOCFEoa`^WjdqXvy%FEdf]jPTOCUWjA\F¢WfdjPZXYO\U%RTFE]A\Xvy`PQO\UXGy(F	djWjF{S%OWjACFIV	S%O`y%F	{}A`[CRQR&SYWjACFn1S%PTO#Wf]E!8 Wf]iRTF	O\UYWjAPZ] f g +$CY(`S0C FU(FWmXYOF	{`n1FEVWjF*o
RTF	O\UYWjA S%dm]_WjSpVqA\X(]hWfPTVN-XYRT}U%dfFEXYWjFEd8WfA\XYO    f    $   $! " $    $#  e
    	
S%dfF	Sy%FEdE0WjA\PT]NWfdjPZXYOCU([CRZXWjPTS%O=A\X%]-,   2A, f; 2 ,   2 % ,   2hGy(F	djWjPZVFE]E@-A`[\]E  F
n\djSy(FEoWfACF  S%RTRTSiPQOCUGdfFE]j[CRW U

 `   &% VCIH AH`H'DP??`		@ BAN 
	;?-
	 D?H 	?	  	6v6R;H T 
	;
"s?;bCCI&CIH-H(' HcbRaHFH 	C BA CIHq?  bRCI?b E P?GAHc H <C	  ") * 
+ ,.-0/ i 
 m¿q
_ FiF{pn1F	dfPQDkFEO(WfFEokopPQ1FEdjFEO#W X%RQ`PTOCU]hWfdfXYWjF	U(PQF*] S%deRTSpV	XWfPQO\Un0S(PQO#Wf] PQOX¡¢F	RZXY[CO\Xv^IWjdfPTX%OCU%[CRZXWfPQS(O
S%Nu*w%w\ w(w%w}S(du% w%w(wC w%w%wn0S(PQO#Wq] F	y%FEOCRT^¿opPZ]hWfdjPTaC[pWfFEo PTO X]fb#[\XYdfFkS%dPTO XV	[Ca1F%@-A\FX%RQ-X%]
n1F	dj S%dfDkFEoPQOkWfACFm]_WfXYO0oCXYdqo-Xv^%(]hWqXYdjWjPTOCUNWjACFm-XYRTXYW8]_S(DGF-`OCSiOky%FEd_WfF{S%0WfACF-WjdfPZXYOCU([CRTXYWjPTS%O;
S(dGX(]X=WjS`S(RPTO WfACF¡>FERTX%[CO\Xv^ ACPTF	dqXYdqVqA`^g4 t7miACPZVqA -XYRTp]PTO X¿ACPTF	dqXYdqVqA#^ SY¢DGS(djFXYO\o DkS%dfF
dfFR$0OCFEo]fXYDknCRTFE]O[[\]jPQOCUWjACPZ]¢DGF	WjACSpo  RTSpV	XYWjPTOCUX}b#[CFEdj^PTO`y%S%RTy%F*]- F	pt*-,.0/1& 32 u>X%RQp]>y#PZ]jPWfPQOCU
XGdfF	RZXWfPQy(F	RT^}]_DXYRTR O`[CDa1F	d>SY&WfdjPZXYO\U%RTFE]E









a`^n0FEd_Wf[Cdja0XWjPTS%OX%O\ok]hWqXWjPZV9$\RQWjFEdjPTOCU\(iACPZVqA}opSOCSYW A\Xvy%FiX]jPQU(OCPB$1V	XYO#W PTO 3\[CFEO\VFiS(OGWjACFmdf[COCO\PQOCU
WfPQDkF  S(d-WjACF*]_F dqXYO\opS(D oCXYWfXC
x\S%d&F*X%VqAI]_WjdqXWfF	U%^¢ FVS([CO#W;WjACF O`[CDa1F	dSYCy`PT]jPQWjFEoNWfdjPZXYO\U%RTFE];S(d;WfFWjdqXYA\FEopdqX<t  2-uvWjACF O`[CDa1F	d
S%8 [CRTR oCPQDkF	O0]_PTS%O\X%ReS%dfPQFEO#WfXWfPQS(O=nCdfFEoCPTVEXWjF*]Ft  S%dfPQFEO(WuNXYO\o¿WjA\Fdj[CO\OCPQO\UWfPQDkF@ta0FEO\VqACDXYdfp]XYdfF
oCS%OCF S%OXF(`[CO 
mRQWjdqXCu*wt(t(w im(+^]6 S;[(WjPTDkFE]mX%djF S(apWfX%PQOCF*oiPQWjAWfACF XZN VS(DGDX%O\o CXYO0o
Xvy(F	dqXYU(FEoS%O rYw%w\ w(w%wRTSpV	XYWjPTS%O\]¢PQO roCPF	dfF	O#W dfX%O\opS%D WfdjPZXYO\U%[CRZXWfPQS(O\]	0WjPTDkFE]N S(d¢F*X%VqA=df[CO XYdfF
U(PQy(F	OPQOXYn\n0FEO\opPQ{u




uEw%w\ w(w%wn0S(PQO#Wf] u( w(w%w\ w(w%wn1S%PTO#Wf]
_ XYRT i>PQFEdfX%dfVqA`^ _ XYRT i>PQFEdfX%dfVqA`^
 2 	
   ]  2 
   ]  2 	
   ]  2 
   ]
­%´hª;­Y©¥	® ­Y´hª­Y©¥® ­%´hª&­Y©¥	® ­Y´_ª;­Y©¥®
(`WjSpVqA\X%]_WjPZVHY¡ ^t uE( ]Dr HY tD: t0u H%HDr :\u uO]\u H: ]Cu t6
¢PT]jPTaCPQRTPQWh^HY¡ ^6 uED] ]Yt HY t%t D: H%HYt 6D] u r(H H: r] t^
lmF	D ]hWfSpVqA; HY¡ ^Yw u*H] ]Dr HY tD: t`H H%H%w 6#H uO]D6 H: ]Cu t:
lmF	Dey`PT]jPQa&8HY¡ ^D^ uEw%t ](H HY Dr D: H%HYt H:D] u	t^ H6 t#H tIr
(`WjdqXYPTU%A#W>HY¡ ^%H u	tIr ]6 HYw t#H t# uO:( 6I^ u r6 Ht r%H r%w
 djWjA\S%U%S(O\XYR HY¡ 6%t ] ](H HD^ : t# H6( r uO]#H % u%u r%w
¢PT]jPTaCPQRTPQWh^%¡ uO6%t 6\u uO6I^ %w ^vt ]r Dr: ^D] t#H%w ] 6^ 6\u
(`WjSpVqA\X%]_WjPZV %¡ uO]I^ (HDr uO6( %w ]: ]r %r ]Yt0u t(w#H Dr 6%w 6#H
lmF	Dey`PT]jPQa& %¡ uO6%t %w\u u^6 %w r: ]D] Dr: r6\u t(w( Dr ]^ 6\u
lmF	D ]hWfSpVqA;e%¡ uO]I^ H]\u u^] %w r] ]%t %r rpu ] :#H Dr ]Dr 6\u
(`WjdqXYPTU%A#Wm%¡ u r^ tD]D] HYw%t Hr ^r ^Yw %wD: :Cu : t(D6 Cu :Cu 6D]
 djWjA\S%U%S(O\XYR%¡ uO:D6 u(u HYwD] t#H Hpu 6D] t\u^ uvH tr(H tD6 Hpu u*w:
@-ACFdf[COCO\PQOCUGWfPQDkFE]mSYX%RQR]hWfdfXYWjF	U(PQF*]-XYdfF¢S%WfACFI]jX%DkFNS(dfoCF	d*





X(VWNPW iPQRTRa0FWjACFGdfPQU(A(WNVqACS%PZVFIiA\F	O=[0]_PTOCUF	{pn0FEO\]_PTy%FXYdfPWfACDkFWjPZV`t F% U\¢D[CRQWjPQ nCdjF*VPZ]_PTS%OF	{CX%VW
X%djPQWjA\DGF	WjPZVOu
  E  / m /  / 
 
_ FknCdfFE]jF	O#WjF*o S([CdI]hWfdfXYWjFEU%PTFE]> S%d-XYRT#PTOCUPQO XWjdfPTX%OCU%[\RTXYWjPTS%OWfSRQSpV	XYWjFXn0S(PQO#WOU WfACF]hWfdfX%PQU(A#W
-XYRTWjACFy`PT]jPTaCPQRTPQWh^ -XYRT iPWfA S(diPQWjACS([pWkDGFEDkS%df^% XYO0o WjA\FS(d_WfACS%U(S%O\X%R X%RQ_¿F]_Wj[\oCPQF*o










 n1F	O b#[CFE]_WjPTS%O\]NdfF	DXYPTO XYa1S%[pWNWjACF]_WjSpVqA\X(]hWfPTVy`PT]jPQa\PQRTPWh^=X%RQ5_ F]_A\S F*oWjA0XWPWIX%RQ-Xv^p]
WfF	dfDkPQO\XYWjF*]	aC[pWGPWGV	XYO A0Xvy%FX%O F{pn0S(OCF	O#WfPTX%R VS(DknCRQF	{pPWh^¿S%O VEX%]jFE] WfA\XWkXYdfFy%F	df^=n0XWjA\S%RTS%U%PZVY
a1SYWfA PQO WfACFVqACS(PTV	FSYWjACFWfdjPZXYO\U%[CRZXWfPQS(O X%O\o PQO WfACFVqACS(PTV	FGS% WfACFb#[CFEdj^¿n0S(PQO#WE'8 WDkPQU(A#Wa0F
n1S(]f]jPQaCRTFNWjSU(FWmdfFE]j[CRWq]-[CO\opFEd>]jS%DkFA`^#n1SYWfACFE]jFE]-S(OWjACF WfdjPZXYOCU([CRZXWjPTS%OXYO0oS(OWfACFb#[CFEdj^}n1S%PTO#WOU
8h]NWfACFkF{pn1FEVWfFEo VS(DGn\RQF	{`PQWh^PTO¿WfACFV	X(]_FGSY-X¡¢F	RZXY[CO0Xv^WjdfPTX%OCU%[\RTXYWjPTS%OS%& dqXYO0opS%D n1S%PTO#Wf] PTO
oCPQDkF	O0]_PTS%Oe~¿F*b#[\XYR WjS o   _ S%[\RTo PWa1Fn1S(]f]_PTaCRTFWfS=U(FWXYO X%DkS%djWjPT	FEo VS%DknCRTF{pPQWh^  S%dGWjACF
]j[\VEVFE]f]jPQy(F¢RTSpV	XWfPQS(O\]SY3 ¿n1S%PTO#Wf]-PTO\VdfF	DkFEO(WqXYRTRQ^PQO\]jF	djWjF*oPTO#WjSXk¡>FERTX%[CO\Xv^WfdjPZXYO\U%[CRZXWfPQS(O
  im 
4Qu 7	%FEX%Op¡¢X%OCPQFER S%PZ]j]jS%O\O\XW*  RTPQy`PTF	d8¡¢F	y`PTRQRTF	dq]	S%O\PTb#[CF>@F	PTRTRTX%[\o `XYO\o X%djPTFWjWjF
 y`PTOCFEV%;@&dfP
X%OCU%[\RTXYWjPTS%O\]&PQO  K zLz 8O 
9A b:	CL	;	+9 %T@? ? !@?-+   Hc@? Tn\XYU(FE]8u%u|uO6\
H%w%w(wC
4 H7c S#]_F-XYO\o-z Y¡¢F	y`dfS^%F(8O#WfF	dq]_F*VWjPTS%O0]&iPQWjAkdqXYO\opS(DrU%FES%DkFWfdjPZV S(apghFEVWf]EC@&F*VqACOCPZV	XYRpdfF	n1S%djWE
(CVqACS`S%R SY  S%DknC[CWjF	dG(CVPTF	O\V	F% V*KNPQRTR 
mO\PQy(F	dq]_PQWh^% u ::DrC XYO`[\]fVdfPQnpW*
4 7<z8¡¢F¿xRTS%dfPTX%OCP³ ¢-x\X%RTV	PToCPQFEOCS\>KG >X%U%^%¢XYO\o  -cePTF	OCSy`P³  O ]_S(d_WfPQO\U WjdfPTX%OCU%RTFE]}PQO X
¡¢F	RZXY[\O\Xv^WjF*]j]jF	RTRZXWjPTS%O&L D
C.?>bc%]Ur%H(H*|r%(HC\uO:D:Cu(
4 t7  RTPTy#PTF	dN¡>FEy`PQRTRQFEdf]EG8DknCdfSy%F*oPQO0VdfF	DkF	O#WfX%R&dqXYO\oCS%DkPQEFEo¡¢F	RZXY[CO0Xv^WfdjPZXYOCU([CRZXWjPTS%O&\8O3
9A b:
CL	+	;9 +T@?-? ! ? %   Hc@? TCn\X%U%F*] uEw]|1u(u rp0uO:D:6C
4 r7<z&[\V¡>FEy#dfS^%F( d djO0]hWecFWjFEd \Vq%F(YXYO\o PQOCA0XYP1A`[;pz O\SYWjFS%On0S(PQO#WRQSpVEXWjPTS%OPQOk¡>FERTX%[CO\Xv^
WfdjPZXYO\U%[CRZXWfPQS(O\]SYdfX%O\opS%D n1S%PTO#Wf]EL 
CZ?-bmY1H(HU tI^^*|#t6(Hp0uO:D:6C
4 ]7<i d oCF	RZ]_aCdf[COCO\F	d*8zmOX(V^pVRTPTV	PWh^}WjACFES%dfF	D  S(d>VFERQRVS%DknCRTF{pF*]-PQO@~}oCPQDkF	O0]_PTS%O\]E! ?FQR
	%! 
abcY&uEw+tuU§Hrpu|pH]%wC\uO::(wC




4 67¡pKG% PTdj`n\XYWjdfPTVq  npWfPQDX%R0]jFEXYdqVqAGPQOnCRZXYO0XYd8]j[CaopPQy`PZ]_PTS%O0]	('&(*)+!@?-+ T0uvHt_u uU§H6|
rp u :6%\
4 :7  z;FEDXYPTdjF(7		"H-H 	JT<HRnOQmH?e?>S D?FH 	?	+	%H ?#@-ACB*]_FopF oCS`VWjS(dfXYW
FEO]jV	PQFEO\VF*]	  V	S%RTFopFE]PQOCF*]iopF5(#Wj d WfPQFEOCOCF(0xCdqXYO0VF% u ::I^`
4TuEw7 d djO\]_W¢c 0Vq%F%;8h]jX(X%V (pXYPZX%]ECXYO\o PTOCA\XYP+1A`[; x\X(]hWmdqXYO\oCS%DkPQEFEon0S(PQO#WmRTSpV	XWfPQS(OiPWfACS%[pW
n\djFEnCdjSpV	FE]f]_PTOCU=PTO Wh S%X%O\o WjACdfF	F	 opPTDkF	O\]jPTS%O\X%R¡¢F	RZXY[CO0Xv^ WjdfPTX%OCU%[CRZXWfPQS(O\]E 8O 
#AOb:'-,DC
L	+	;9 +T@?-? s ? %   Hc@? T\n0XYU%F*]iHD^vtY|pH6%C0uO:D:]C
ººvÆ_Ä












  / / m - /  m   	
~  ¼   ,: +ABCD- -
	   


 !#"%$&'( )* (+$
$,(-. !/./$.. 0,!12. 3 * (&1 = ( "54

 W3 =   677. !8$.0( * 94I@] NPO	I HPF8R , R	I NPFQ O8VZU6W:; * LI X.HNZO	I HPF*R , R	I N F_Q XZVZU	W:';=<O*YX7cR*YZFH$IKJZL*MNZOQR R.L*ONPT8J.L V8XWcXPY.[HZO*R8HZ\N.]R_^Xa V^bXa O_c?>H8XA@PHCB8ND<XPY.O_cR*YZFH$IKJZL*MNZOQR R.L*ONPT8J.L VZO	WcO*Y.[HZO*R8HZ\N.]R_^gO7a V^ O7a X7c
> * LI X.HNZO	I HPF*R , R	I N F_Q O8VZU6W:;7c

E FG( *  #'3$.HA( 0'JI

 (- ="    ( K#C&!A0 F L( /#M$. *  4* LIPX.H NPO	I HPF8R , R	I NPFQU8OXW:';=<R YFHIKJ.L*MNPOQ RSR.L*ONPT8J.LSOXWc
@>Y [HPO*RHZ\ N.]R_^N@a O_^O@a X7cI@] NZO	I H F8R , R	I@NPF_Q,@ VPU	W:; O8Y@(cgH8XA@PH XZY@(cL>

 W9P ( 3A. A "54
~  ¼  RQ  +ABCD- -
	   


 !#"%$&'( )* (+$
$,(-. !/./$.. 0,!12. 3 * (&1 = ( "

 W3     = 7'#.F( D( * 94I@] NPO	I HPF8R , R	I NPFQ [.TV UWS'; * L	IPX.H NZO	I@HPF8R , R6I NPF_Q'*.TVZUWS';=<[*Y* cR*YZFH$IKJZL*MNZOQR R.L*ONPT8J.L VPT*Wc*8Y.[HZO*R8HZ\N.]R_^ * a T ^ * a [_^ * a V c>H8XA@PHCB8ND<*8Y.[_cR*YZFH$IKJZL*MNZOQR R.L*ONPT8J.L VPT8[	Wc[*Y.[HZO*R8HZ\N.]R_^g[7a T ^ [7a * ^"[7a V c
> * LI X.HNZO	I HPF*R , R	I N F_Q [.TV UW:; c

 (-   F  $
T( /(UI
IV(
'9F#( * IW$&    ="X)

    =" NIV(#'.$UY(
. 3'FT F    ="  &!'.$UY 4* LIPX.H NPO	I HPF8R , R	I NPFQ [*VZU6WS';=<R YFHIKJ.L*MNPOQ RSR.L*ONPT8J.L V.[*Wc
@>Y [HPO*RHZ\ N.]R_^N@a [_^O@a * ^@	a VcI@] NZO	I H F8R , R	I@NPF_Q,@KT8VPUWS';'[8Y@(c H8XA@ H *8Y@(cL>T Y[HZO*R8HZ\ N.]R_^6@	a [_^@a * ^O@a Vc










 ="  3'# P D. !8$.     )

   ="X)    ="  F    =" LIV(
'.$JYD('. 3'F 4* LIPX.H NPO	I HPF8R , R	I NPFQT*8[.U6WS';=<R YFHIKJ.L*MNPOQ RSR.L*ONPT8J.L>T8[*Wc
@>Y [HPO*RHZ\ N.]R_^N@a T ^O@a [_^@	a * cI@] NZO	I H F8R , R	I@NPF_QT@ VPUWS'; 
 =" F'(AT (C. 3# P T. !8$.     )IK] NZO6I HPF8R , R	I NPF_Q[@ VPU	WS; 
 =" . 3'.# P .. !8$.    )TY@(cH*XA@PH 
 =" . 3'
 P D. !8$.     )*Y@(cH8XA@ H ' =" F
(#T (C. 3'.# P  . !8$.     )IK] NZO6I HPF8R , R	I NPF_Q*@ VPU	WS; 
 =" . 3'.# P .. !8$.     )[8Y@(cH*XA@PH 
 =" . 3'
 P D. !8$.    )TY@(c

 P ( A. ALI 4
~  ¼   ,:  #CA	J\ 
	   


 !#"%$&'( ) "A. ! T(.(!( +$ -+$  * A(&1 = ( "X)

 W3 =   677. !8$.0( * 94 -V$&(.! ) -G
"12 " 7(T F(7.=&!A0( *
=%4 YZUNI:F8RQ \ZU ^8V6WcI@] OMH8XZN
* V *.LIPX.H X>MH8X.N
* V<O*YX7c R8YZFHIKJ.MNZO Q R>R.L*ONPT8J.L VXWcbXZY.[8HZO*RHZ\ N.] R9a V.O_cU>H8XA@PHCB8ND<XPY.O_c R8YZFHIKJ.MNZO Q R>R.L*ONPT8J.L V.O	Wc O8Y.[8HZO*RHZ\ N.] R9a VX7c
> * LIPX.H>O , MNZ[8HSVc

 =    
$&(- F L( 4* LIPX.H Q.Q O , FAB X , R X.H.]ZR NZ]  W NZO NZO	I@HPF8R , R6I NPF_Q  OXW:;$W<R Y FH$IKJ.L.MNZOQ R>R.L8ONPT*J.L OXWc
@>Y[HZO*RHP\ N.] R9a OX7cIK]/@ , MNZ[8HSV XZY@(c H8XA@PHSO8Y@c>

  . #FA WXY[HZO*R8HZ\ N.]R7a OX7cO Y[HZO*R8HZ\ N.]R7a OX7c

 " A   =&!T F LK$ *  4* LIPX.H Q.Q O , FAB XSMH*X.N
* UW>NZO NZO	I HPF*R , R	I N F_QU8OXW:';W6<R Y FH$IKJ.L.MNZOQ R>R.L8ONPT*J.L OXWc
@>Y[HZO*RHP\ N.] R9a OX7cIK]/@ , R X.H.].R N.] UXZY@(c H8XA@ H O*Y@(cU>






~  ¼    H ?H ?QAH 
	 +a bC?bv -
	   


 !#"%$&'( ) "A. ! = 12 1 
. !D( P  P -3$ 

 * (&1 = ( "54 Ws =   6 . !8$.0( * =4U8OHZ[	I@NPT@ Y.Rc"HPFAB.Y*] , XA@ H c* LIPX.H QBFNZR HPFAB6W <HY O , FAB8NH'BZJHN.] RcI@] QUFNZRFH$IKJZL*MNZONZ]U8O8HZ[	I NPT@GR.L8ON T8J.L H$W , FAB QU NPF R.LHNZR.LHZO @8IB8H N.] H$W
< U*OHZ[	I N T@ Y.R_cBR8YZFHIKJ.L.MNPOQBR R.L*ONPT8J.LH$WcU>H8XA@ H<HY FHZ\*R H'B.J8H NZ] R_cIK] QUFNPR FHIKJ.L*MNPON.] U8OHZ[	I@NPT@GR.L*ONPT8J.LH$W , FAB QUN F R.LH NPR.LHZO @8IB*H NZ] HW
< U*OHZ[	I N T@ Y.R_cBR8YZFHIKJ.L.MNPOQBR R.L*ONPT8J.LH$WcU>H*XA@PHD<H Y FHZ\.R HB.JHN.]R_cI@] QU FNZR FH$IKJ.L.MNZON.] U8OHP[	I NPT@'R.L8ONPT*J.L H$W , FAB QU NPF R.LHNZR.LHPO/@*IB8HN.]H$W












ª²N®'¥ i´h¦ Æ *Ã -­Y©¥	®'¦ ÆÃ *Ã -­Y©¥	®'¦
©  ¬q°§« &¥§´_ª'¬qªÁ ¤	±  ¬q°§« ¥§´hª³¬qªÁ ¤±¥v­*²*®³¦ 	
 	 	
   ¦ 	
 	 	
   ¦ 	
 	 
   ¦ 	
 	 	
   ¦
­Y´_ª;­Y©¥® ­Y´_ª&­Y©¥	® ­Y´_ª&­Y©¥	® ­Y´hª­Y©¥®
¸	®'©	Á ¤¬q¦'®'¥§Á Ä  Æ*Æ c Ä  R ÆÄ c Æ Ä ÄÅ  
 Æ_Ä Ä ÄÄ  R Äc ÄÇ ÆEÆ Ä Ä 
Å Æ_Äc Ä Ä  R Äc Ç Æ_Åc ÄÅ  
Åc Æ_Ç*Æ c Äc Ç*Æ vÆ Æ Å Æ  Ä Ä 
qÄ Æ c Ä  vÆ Ä Å Æc ÄÅ Ç 
½¥§¦³¥§¶v¥§°§¥ ®¼±mÄ Å ÆÅ Ç Ä*Æ vÆ Å ÄÅÇ ÅÅ Æ_Å Ä ÇÇ 
Åc Æ   Ä   ÄÄ  Æ_Ç  ÇÅ 
 ÆÆ_Ä Ç ÄÄ   Æ_Å *Æ  Æ_Ä Ä Ç 
 ÆÆ Ç ÄÄ   ÄcÄ vÆ_Å ÆÄ ÄÅ Ç 
Ä Æ_Ç c Ä Ç  Æc c ÆÇ ÄÅ Çc 
º;´  ¦'®'©	Á ¤ Ä *Æ ÆÆÆ  Ä  vÆ ÄÇ R Æ Ä Ä 
Åc Æ_Ç*Æ EÆ Äc Ç vÆ Æ cvÆ Æ_Ç ÄÅ  
qÄ Æ*Æ Å ÄÄ Å vÆ Ä*Æ EÆ Æc  Ä 
 ÆÆ   Ä  Ä ÄÄ*Æ Åc ÆÅ ÄÅ  Å
 Æ_Äc c Ä  vÆ ÄÄ Rc Æ ÄÅ  Å
º;´ E¥§¦³¥§¶¢Ä Å ÆÆ Ç Ä Ç  ÄÇ cR Æ ÄÅ Ä Ç
c Ç Ç ÄÄ c Å ÄÇc  ÆÄ ÄÅ Ä Ç
c Ç Ç Ä c  ÄÄ Ä Æ Å ÄÅ Ä Ç
 Æ_ÄÅ EÆ ÄÄ c Å Æ Ä Æ_Ä Ä vÆ Ç
*Æ ÅÇ ÇÇ Ä c Å Äc ÄÅ Æ ÄÅ Ä Ç
¸	®'ª'¬q¥¤	®Ä c Æ_ÅÅ Å Ä   ÆÅ  Æ Ä Ä Ç*Æ 
qÇ Æ_Ç*Æ  Ä*Æ   Æ_Å Å Æ_ÇÇ ÄÄ  
Ç ÆÆ  Ä Ä  ÄÄc  ÆqÅ Äc Ç*Æ 
EÆ Æ  Å Æ_Å R Ä Ä RÄ Æ ÄÇ Çc Ç*Æ
Ç Æ_Ä*Æ Ä Æ R Ä Æ_Å  Æ_Ç*Æ Ä Ç*Æ Ç
 ª ®³¤*©©¬q°\Ä Åc Ç *Æ Äc Å vÆ ÄÄ Ç Æ *Æ ÆÆ 
Ç  Ç Ä Å Ä Ä Ç Æ*Æ *Æ Æ  
 Ç  ÄÅ Å  ÄÅÅ Ç Æ c ÆÆ Ç*Æ
Å Ç Ä Ä  Ä  Ç Æ_Å  Æ  Ç
qÅ Ç  ÄÅ Å   Ç ÆÇ  Æ  Ç
 ª ®³¤*©*¥§¦'¥§¶NÄ ÆÆ     Ç *Æ ÄcÇ Æc   Çc
Æ *Æ Å     Ä Æ Æ_Ç  Ä ÇÄ
Ç EÆ  Ç Ç ÇÄ Ä*Æ Æ*Æ Æ  R Ä ÇÄ
Æ  *Æ EÆ Ç   vÆ  Ä*Æ Ä Ç ÇÄ
 qÄ     Ä Äc Æ vÆ  Ç
½¥§¦³¥§¶v¥§°§¥ ®¼± ÆEÆ Ç ÆqÇ Ä  c R Å*Æ  c Åc Å
Æ_ÅÄ Å Æ_Å ÄÅ EÆ c  qÇ ÄÅ  Å Å*Æ
Æ_Å ÅÄ Æ_Å *Æ   Äc Ç Å  ÅÅ Å
Æ_Å*Æ Å Æ_ÅÇ Ä qÄ c qÇ Ç  Å *Æ Å*Æ
Æ R Æ Ä qÅ  Ä c Å c ÅÄ Å
¸	®'©	Á ¤¬q¦'®'¥§Á Æ_ÇÅ Å Æm Ä   Çc  Äc c  Å
Æ Ä Æ_Å*Æ Ä  c c Ç vÆ    Å
ÆÅ Ä Æ_ÅÄ  c Ç *Æ_Ç c Å   Å
Æ Ä Æ ÄÅ  c cR ÇÇ R  ÅÇ Å
ÆqÄ c Æ_Å Ä Å c *Æ_Å *Æ  Å Ç Å*Æ Å
º;´ E¥§¦³¥§¶  ÆEÆ ÄÅ Æ  Ç Ç R c    Å*Æ
Æ_ÅÄ Ä Æ  ÇÅ   ÇÅ vÆ_Ç c Ç 
Æ_Å *Æ Æ *Æ *Æ Ç Äc ÇÄc Ç Ç  Å
Æ_Å*Æ Ä Æ  Ç c qÇ  ÄÄ c Ç Å
Æ Ä Æ_ÅÅ Ä ÇÅ Ç Ä ÇÄÅ   Å Å*Æ
º;´  ¦'®'©	Á ¤ Æ_ÇÅ Äc ÆÅ Ä Ç c Çc Çc vÆ_Ä c  qÅ
Æ ÄÄ Æ  Ç c c ÇÄ R Ç  Å*Æ
ÆÅ Ä Æ  Ç c *Æ_Ç Å qÄ   ÅÄ
Æ ÄÄ Æ Ä ÇÇ c cR ÇÄ RÄ Ç Ç Å*Æ
ÆqÄ Ä Æ_Å Ä ÇÇ  *Æ_Å  EÆ c c Å*Æ
¸	®'ª'¬q¥¤	®! Æ  c ÆÄ Äc m c c Æ ÄÄ  *Æ *Æ ÅÇ
Æ_ÇÇ Ä Ä Äc EÆ Å *Æ Ç Ç Ä  Å
Æ_Ç qÄ Ä Ä  c ÄqÅ ÅÄ   Å Å
Æ_ÇÇ  ÄÄ ÄÇ qÇ  Ä  Ç  Å Å
ÆÅ Ç*Æ Ä*Æ ÄÇ m EÆ ÄÅ Åc RÄ   ÅÇ
 ª ®³¤*©©¬q°" Ä*Æ  Å Äc vÆ Ä ÅÇ ÇÄÄ Å ÇÅ  Ä*Æ Æ 
ÆÄ Æ_Ç ÄÇ  Ä Å Å Å  Å Ä*Æ Æ Å
ÆÅ Å Ä*Æ R Ä Åc Ä Æ Å  Ä*Æ Æ Å
Æ_ÅÄ Å Æ*Æ vÆ Ä ÅÇ cR Æ_Ç R Å Ä*Æ ÆÆ 
Æ ÆÆ Ä*Æ_Ä vÆ Ä ÅÇ vÆ  Å Ä*Æ Å Ä*Æ ÆÆÆ
» Âº;»¼Ê
Unité de recherche INRIA Sophia Antipolis
2004, route des Lucioles - B.P. 93 - 06902 Sophia Antipolis Cedex (France)
Unité de recherche INRIA Lorraine : Technopôle de Nancy-Brabois - Campus scientifique
615, rue du Jardin Botanique - B.P. 101 - 54602 Villers lès Nancy Cedex (France)
Unité de recherche INRIA Rennes : IRISA, Campus universitaire de Beaulieu - 35042 Rennes Cedex (France)
Unité de recherche INRIA Rhône-Alpes : 655, avenue de l’Europe - 38330 Montbonnot St Martin (France)
Unité de recherche INRIA Rocquencourt : Domaine de Voluceau - Rocquencourt - B.P. 105 - 78153 Le Chesnay Cedex (France)
Éditeur
INRIA - Domaine de Voluceau - Rocquencourt, B.P. 105 - 78153 Le Chesnay Cedex (France)  	


  
ISSN 0249-6399
